Time-lapse imaging of morphological changes in a single neuron during the early stages of apoptosis using scanning ion conductance microscopy.
Apoptosis plays an important role in many physiologic and pathologic conditions. The biochemical and morphological characteristics of apoptosis including cellular volume decrease, cell membrane blebbing, and phosphatidylserine translocation from the inner to the outer leaflet of the cell membrane are considered important events for phagocyte detection. Despite its importance, the relationship between the biological and morphological changes in a living cell has remained controversial. Scanning ion conductance microscopy is a suitable technique for investigating a series of these changes, because it allows us to observe the morphology of living cells without any mechanical interactions between the probe and the sample surface with a high resolution. Here, we investigated the biochemical and morphological changes in single neurons during the early stages of apoptosis, including apoptotic volume decrease, membrane blebbing and phosphatidylserine translocation, by using scanning ion conductance microscopy. Time-course imaging of apoptotic neurons showed there was a reduction in apoptotic volume after exposure to staurosporine and subsequent membrane bleb formation, which has a similar onset time to phosphatidylserine translocation. Our results show that a reduction in cellular volume is one of the earliest morphological changes in apoptosis, and membrane blebbing and phosphatidylserine translocation occur as subsequent biological and morphological changes. This is the first report to describe this series of morphological and biochemical changes ranging from an apoptotic volume decrease to membrane blebbing and PS translocation by scanning ion conductance microscopy (SICM). This new and direct imaging technique will provide new insight into the relationship between biochemical events inside a cell and cellular morphological changes.